The PDF file includes: Table S1 . Network characteristics of the largest connected component for the 15 largest metropolitan systems in the world. Table S2 . Network characteristics of the Bus-Metro multilayer networks. Table S3 . Structure of the simplest paths in three metropolitan systems. Table S4 . Percentages of paths with 8.1 S  bits with C = 1 and C = 2 connections. Fig. S2 . Entropy distribution for MRT layer, bus layer, and complete multilayer transportation network in Paris. Fig. S3 . Effects of multiplexity. Fig. S4 . Growth of the Paris metropolitan network. Fig. S5 . Information entropy of multilayer transportation networks. Fig. S6 . Dual-space degree of low-information starting points for paths with C = 2 in the Tokyo multilayer network. Fig. S7 For the three megacities that we consider , about 20% of the trips have an information entropy that is lower than the threshold of 8.1 bits. Such trips predominantly have only a single connection. When there are more, the starting route has a limited number of connections (see Fig. S6 ) . For the multilayer network, we restrict the distribution to trips whose origin and destination are each in the bus layer. We see that the effect of multiplexity on the bus layer is to shift the peaks to the right, and we also obtain larger peaks for smaller values of C (see Fig. S3 ). In Fig. 4 of the main manuscript, we show the associated cumulative distributions. Similar to Fig. 4 , we associate one layer to bus routes and another to metro lines. The solid curves are associated with multilayer networks that include a metro layer for New York City, Paris, and Tokyo. The dashed curves are associated with all possible paths in a metro layer. We observe that every distribution is characterized by a peak structure, and every peak is associated to a number C of connections. : Dual-space degree of low-information starting points for paths with C = 2 in the Tokyo multilayer network. As one can see in Table S4 , most of the trips below the cognitive limit have C = 1 connections. The trips below the cognitive threshold with C > 1 connections are characterized by a low connectivity of the origin route. We show this feature for the Tokyo . We see that C = 2 for 20.1% of the trips that are below the threshold of 8.1 bits. For this fraction of trips s → t, the degrees k in the dual space of origin routes s (red squares) are small in comparison to the degrees of all routes n the whole multilayer network (blue circles).
FIG. S7:
Empirical validation of Eq. 7. Comparing the (left) bus monolayer network to the (right) multilayer network in Paris, we note that including the metro-rail-tramway (MRT) layer yields larger fluctuations. The mean square deviation is 0.34 bits for the bus layer and 0.82 bits of the multilayer network that contains both bus and MRT modes. This suggests that for the same route pair (s, t), different paths become optimal for different origins i and destinations j. 
